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Description 

1 . Field of the invention. 

[0001] The present invention is in the field of digital 
radiography and more specifically relates to hard copy 
recording of radiation images. 

2. Background of the invention 

[0002] It is common practice in radiographic diagnosis 
to follow a patient's condition by comparing radiographic 
images relating to X-ray exposures of a patient taken at 
different points in time. 

[0003] Especially in an intensive care department of 
a hospital such a comparative study Is part of daily rou- 
tine. 

[0004] In classical radiography where an X-ray image 
of a patient is acquired by exposing a radiographic film 
to X-rays transmitted by a patient, such a comparative 
study is performed by placing old and new radiographic 
films pertaining to the same patient (and/or same exam- 
ination) besides each other on a light box in a way that 
is optimal for comparison of the items on the radiograph- 
ic images the radiologist Is interested in. 
[0005] Often however, old radiographic images are 
not easily retrievable. Films relating to older exposures 
may be not immediately available at the location where 
the radiologist wants to make the evaluation. The older 
images may for example be classified in a patient's med- 
ical file kept at another department than the radiology 
or the intensive care department, or they may have to 
be retrieved from a centra! hospital archive. 
[0006] It is even possible that older radiographs are 
kept by the patient himself at his private premises or, in 
the worst case, that older radiographic images are lost. 
[0007] Further, once old and new images are local- 
ized and gathered, they still have to be put on a lightbox 
in a way that is optimal for comparison of the items on 
the radiographic image the radiologist is interested in. 
[0008] For this purpose a lightbox of adequately large 
dimensions must be available and the individual films 
have to be arranged on that lightbox in a way that ena- 
bles easy comparison and evaluation by the radiologist. 
[0009] This film handling is not very practical and may 
take a lot of time. 

[0010] Recently in many radiographic applications the 
importance of digital acquisition techniques has in- 
creased. 

[0011] In the field of digital radiography a wide variety 
of image acquisition techniques have been developed 
such as computerised tomography, nuclear magnetic 
resonance, ultrasound, detection of a radiation image 
by means of a CCD sensor or a video camera, radio- 
graphic film scanning etc. 

[0012] Still another technique has been developed 
wherein a radiation image, for example X-rays transmit- 
ted by an object, is stored in a screen comprising a pho- 



tostimulable phosphor such as one of the phosphors de- 
scribed in European patent application 503 702 pub- 
lished 16.09.92 and in US-A-5.340,661. 
[001 3] The technique for reading out the stored radi- 
5 ation image consists of scanning the screen with stim- 
ulating radiation, such as laser light of the appropriate 
wavelength, detecting the light emitted upon stimulation 
and converting the emitted light into an electric repre- 
sentation for example by means of a photomultiplier. 
10 [0014] After read-out the residual image left on the 
photostimulable phosphor screen is erased so that the 
screen is again available for exposure. 
[0015] This technique further comprises digitizing and 
processing said electric signal. Processing of the read 
15 out radiation image for the purpose of enhancing the 
contrast in the image has for example been described 
in European patent application 527.525, as well as in 
European patent application 610.604. 
[0016] As described in the above applications, the 
20 digital signal representation of a radiation image is first 
decomposed into a sequence of detail images at multi- 
ple resolution levels and a residual image at a still lower 
resolution level. Then, the detail images are modified. 
[001 7] Next, the modified detail images and the resid- 
es ual image are recombined so as to form a processed 
image by application of a transfomnation to the modified 
detail images and the residual image. 
[0018] The transformation is such that, if it would have 
been applied to the residual image and the unmodified 
20 detail images, then the original image or a close approx- 
imation thereof would result. 

[0019] The processed digital signal representation 
can further be applied to a recorder for recording a hard 
copy for example on film. This hard-copy can be viewed 
35 on a lightbox for diagnostic purposes. 

[0020] The electric image representation can also be 
applied to a monitor for display of the corresponding vis- 
ual image. 

[0021] Once the radiographic images are available in 
40 the form of a digital signal representation, they can be 
archived on a suitable storage medium such as an op- 
tical disc system. 

[0022] Comparison of old and new radiation images 
has already been addressed in the prior art. For exam- 

45 pie the prior art document US 4,999,497 relates to a 
method wherein old and new images can be compared 
and wherein changes can be ascertained accurately. 
[0023] According to the described image read out and 
reproducing method the image processing and/or read 

50 out conditions to be used for obtaining the second re- 
produced image are adjusted on the basis of the image 
information corresponding to the first reproduced image 
so that the second reproduced image has approximately 
the same gradation and the same sensitivity as the first 

55 image. Image read out is carried out by using the ad- 
justed read-out condition and/or image processing is 
carried out by using the adjusted image processing con- 
ditions, images are reproduced individually and are then 
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compared. 

[0024] Simultaneous display of more than one image 
has already been addressed in the prior art. For exam- 
ple, European patent application 567 176 relates to the 
simultaneous display of more than one new images, im- 
mediately after acquisition, as a mosaic type image on 
a display device. 

[0025] According to the method disclosed in this ap- 
plication, a number of radiation images, each being rep- 
resented by a digital signal representation, are dis- 
played on a preview monitor. Reduced image signals 
are deduced from the digital signal representations of 
said radiation images, and a composed signal repre- 
senting a mosaic type image is formed by means of said 
reduced image signals and by applying said composed 
signal to said display device. 

[0026] A reduced image signal is obtained by the 
steps of (i) decomposing a digital signal representation 
of an image into a sequence of detail images at multiple 
resolution levels and a residual image at a resolution 
lower than the minimum of said multiple resolution lev- 
els, (ii) modifying pixel values of said detail images to 
yield pixel values of a set of modified detail images by 
means of at least one non-linear monotonically increas- 
ing odd mapping function with a slope that gradually de- 
creases with increasing argument values and 
(iit) computing a processed image by applying a recon- 
struction algorithm to the modified detail images up to 
an intermediate level of said multiple resolution levels 
and to the residual image, the reconstruction algorithm 
being such that when applied to the unmodified detail 
images and the residual image said original image or a 
close approximation thereof would be obtained. 
[0027] The method of this application further provides 
that as a new reduced signal is deduced, said composed 
signal Is amended by means of said new reduced signal 
so that at least one of the images of the mosaic type 
image is replaced by an image represented by said new 
reduced signal. 

[0028] The invention disclosed in this application ad- 
dresses a different problem, it does not relate to display 
of old (archived) images for comparison with other (e.g. 
new images). Further, the disclosed invention does not 
relate to reproduction. 

[0029] Several publications such as FR 2.508.187 
and EP 0 599 098 disclose reproduction of more than 
one differently processed version of a single image on 
a single photographic film. The different versions origi- 
nate from a single image and are for example processed 
using different processing parameters, such as different 
edge enhancement, different tone scaling etc. 

3. Objects of the invention. 

[0030] It is a principal object of the present invention 
to provide a method for making comparative studies on 
radiographic images, for example on old and new imag- 
es pertaining to the same patient. 



[0031] It is a further object to provide a method of pro- 
ducing a patient folder in the form of a hard copy. 
[0032] Further objects will become apparent from the 
description hereafter. 

5 

4. Statement of the invention 

[0033] To achieve the above objects the Invention pro- 
vides a method of reproducing radiation images on a 
10 recording material comprising the steps of 



(i) identifying radiation images that are to be repro- 
duced, 

(ii) extracting from a digital image representation of 
an image to be reproduced a reduced version rep- 
resenting a low resolution version of that image, 
characterised in that 

(iii) images are identified in accordance with a rule, 
e.g. patient's name, day or radiology room, 

(iv) for each of the identified radiation images a cor- 
responding digital image representation is retrieved 
from an electronic archive, 

(v) a composite image signal representing a com- 
posite image is formed comprising for each identi- 
fied radiation image said tow resolution image ver- 
sion, 

(vi) said composite image signal is applied to a hard 
copy recorder to generate on a single recording ma- 
terial a composite image comprising a low resolu- 
tion version of each of the identified radiation imag- 
es. 



15 



20 



25 



30 



[0034] A suitable recording material is a photographic 
material, for example a photographic film. However, al- 
35 ternatives may be envisaged such as a thermo-sensitive 
recording material etc. 

[0035] The resolution of the low resolution version of 
the identified radiation Images is lower than the original 
resolution of the radiation images. The low resolution 
40 however is preferably still adequate for evaluation by the 
radiologist. 

[0036] Identification of radiographic images to be re- 
trieved from archive can for example be performed by 
entering on a wori< station at least one rule the retrieved 

45 images must fulfil. 

[0037] For example, on entry of a patient's name the 
images are retrieved that pertain to that patient. 
[0038] Alternatively images may be retrieved that are 
taken in the same radiology room or on the same day, 

50 or that relate to the same examination type etc. Also log- 
ical combinations of several selection rules are possible. 
[0039] The invention is particulariy advantageous in 
case the images that are reproduced on a single radio- 
graphic film are old and new images pertaining to the 

55 same patient thus providing the radiologist with a so- 
called patient folder on a single radiographic film. 
[0040] The technique of the present invention is ad- 
vantageous over the prior art method wherein different 
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hard copy images were arranged on a common light 
box, since it is far more convenient. 
[0041] Hard copy images do not have to be gathered 
from several sources, nor does the radiologist have to 
arrange the hard copies on a light box in a way that per- 
mits comparison. 

[0042] This technique is also advantageous when 
compared with display of Images on a monitor because 

of the higher resolution and the superior grey value re- 
production ability of hard copy recorders such as laser 
recorders. 

[0043] Indeed, although the resolution of the individ- 
ual images that are together reproduced on a photo- 
graphic film will be lower than the resolution of the raw 
image that is provided by the image acquisition device, 
when not too many Images are reproduced on a single 
film, the resolution of the low resolution image versions 
still remains adequate to permit the radiologist to make 
a diagnosis. This is a great advantage compared to dis- 
play of images on a monitor. Monitors typically have a 
resolution of 1000x1000 pixels, even high resolution 
monitors typically do not have a resolution higher than 
2000x2000 pixels, and these high resolution images are 
very expensive. Commonly available laser printers on 
the other hand are able to provide a resolution of 
4000x5000 pixels. Laser printers having a higher reso- 
lution, even extending to 8000x10.000 pixels are ex- 
pected for the near future. 

[0044] Further, the number of grey values that can be 
reproduced by a laser printer is typically 2^, whereas 
monitors are only able to reproduce 2^ grey levels. 
[0045] The reproducibility of images recorded by 
means of hard copy recorders such as laser printers is 
better than that provided by monitors. Images displayed 
on different monitors are hard to compare because iden- 
tical setting of monitors can hardly be achieved. 
[0046] In one embodiment said low resolution repre- 
sentation is obtained by subsampling of pixel values of 
said digital signal representation. 
[0047] In another specific embodiment a radiation im- 
age has been stored in said electronic archive in the 
form of a multi-resolution signal representation that has 
been obtained by decomposing a digital image repre- 
sentation of an image into a sequence of detail images 
at multiple resolution levels and a residual image at a 
resolution level still lower than the lowest of said multiple 
resolution levels, the decomposition being character- 
ised in that a reconstruction algorithm exists that, when 
it is applied to all detail images and the residual image, 
renders the original image or a close approximation 
thereof. 

[0048] The low resolution image version is then ob- 
tained by applying a reconstruction algorithm to the de* 
tail images up to an intermediate of said resolution levels 
and to the residual image, the reconstruction algorithm 
being such that when it is applied to all detail images 
and the residual image (without any of them having been 
subjected to modification) that then the original image 



or a dose approximation thereof would be obtained. 
[0049] The intermediate resolution level itself is deter- 
mined by the number of radiation images that is envis- 
aged to be reproduced on a single radiographic film as 
5 well as by the resolution of the recording device and the 
film format. 

[0050] tn a preferred embodiment the low resolution 
version is a processed low resolution version obtained 
by applying at least one modifying function to at least 
10 some of the detail images. 

[0051] The modifying function is preferably a monot- 
onically increasing odd mapping function with a slope 
that gradually decreases with increasing argument val- 
ues. 

15 [0052] This kind of function provides contrast im- 
provement of a digital image over the whole range of 
signal levels without enlarging the dynamic range In a 
system for reproducing or displaying an image read-out 
of a photostimulable phosphor screen. 

20 [0053] This kind of processing further provides that in- 
dependent of the exposure conditions, the optical den- 
sity in certain parts of the image is constant for all proc- 
essed and reproduced images. For example, the optical 
density in certain parts of the lungs is constant for all 

25 images independent of the processing conditions that 
were applied. 

[0054] In a specific embodiment of the invention the 
original Image is decomposed into a so-called pyramidal 
sequence of detail images, i.e. successively formed de- 

30 tail images in the set of multi-resolution detail images 
have a reduced number of pixels. 
[0055] For example, the multi-resolution representa- 
tion after decomposition may have a pyramidal structure 
such that the resolution level of the detail images differs 

35 by a factor of two, and the detail images at each reso- 
lution level are calculated by filtering the original image 
with filters having decreasing bandwidth. 
[0056] The used filter preferably has a two-dimen- 
sional Gaussian distribution. 

40 [0057] This procedure can be implemented as de- 
scribed below with reference to the accompanying 
drawings. 

[0058] In a specific embodiment the workstation is 
connected to a so-called RIS (radiology infomiation sys- 

45 tem) or HIS (hospital information system). These sys- 
tems are data base systems wherein radiographic im- 
ages are stored in an electronic form. 
[0059] Upon identification, images can be retrieved 
from the HIS or RIS systems and can be subjected to 

50 the above-described decomposition and partial recon- 
struction and subsequently to the composition of the 
composed image that is reproduced by the recorder. 

5. Brief description of the drawings 

55 

[0060] Particular aspects of the present invention as 
well as preferred embodiments thereof will be explained 
by means of the corresponding drawings wherein 
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Fig. 1 generally shows a system in which the meth- 
od of the present invention can be applied. 
Fig. 2 illustrates read-out of a radiation image that 
has been stored in a photostimulable phosphor 
screen, 

Figure 3 is a plot of a specific modifying function 
that can be used in a method of the present inven- 
tion, 

Fig. 4 illustrates an embodiment of a decomposition 
process, 

Figure 5 illustrates an embodiment of a reconstruc- 
tion algorithm. 

6. Detailed description 

[0061] Figure 1 generally shows an apparatus in 
which the method of the invention can be applied. 
[0062] The system comprises an exposure unit with 
an X-ray source 2 for exposing a photostimulable phos- 
phor screen to X-rays transmitted by a patient, an iden- 
tification station (5) for identifying a cassette conveying 
a photostimulable phosphor screen, a read-out (1) and 
processing (7) station, a preview monitor (8), a worksta- 
tion (11,12) and a hard copy recorder (1 0) with associ- 
ated buffer (9). 

[0063] A radiation image of an object was recorded 
on a photo-stimulable phosphor screen by exposing 
said screen to X-rays emitted by an X-ray source (2) and 
transmitted through the object (not shown). The stimu- 
table phosphor screen was conveyed in a cassette (3) 
provided with an electricaity erasable programmable 
read only memory (EEPROM) (4). In the identification 
station (5) various kinds of data, for example patient 
identification data (name, date of birth) and data relating 
to the exposure and/or to the signal processing were 
written into the EEPROM. 

[0064] The read-out operation is shown in figure 2. 
[0065] In the radiation image read-out station 1 the 
image stored in the photo-stimulable phosphor screen 
was read-out by scanning the phosphor screen with 
stimulating rays emitted by a laser (14). The stimulating 
rays were deflected into the main scanning direction by 
means of galvanometric deflection (15). The subscan- 
ning was performed by transporting the phosphor 
screen in the subscanning direction indicated by an^ow 
(16). The stimulated emission was directed onto a pho- 
tomultiplier (18) for conversion into an electrical image 
representation. Additionally the information stored in the 
EEPROM was read. 

[0066] The output signal of the photomultiplier was 
converted by a square root amplifier (19), and next the 
signal was sampled by a sample and hold device (20) 
and quantised by an A/D converter (21 ). This quantised 
image signal, called the raw image signal (22), was sent 
to the image processing module of the read-out appa- 
ratus (figure 1 , numeral 7) where it was subjected to a 
decomposition into a multi-resolution image represen- 
tation. The decomposed image was also sent from the 



image processor to the image workstation (11, 12) 
where it was temporarily stored on a hard disc. 
In processing module (7) the decomposed image signal 
was further processed taking into account the process- 

5 ing parameters associated with the data read out from 
the EEPROM (4) on the cassette conveying the photo- 
stimulable phosphor screen. 
[0067] In the decomposition process the raw image 
signal (22) was decomposed into a sequence of detail 

10 images bQ, b^ , ...bL.i which represent the amount of de- 
tail present in the raw image at multiple resolution levels, 
from fine to coarse. After the last decomposition step a 
residual image g|_ was left. 

[0068] One embodiment of the decomposition proc- 
15 ess is illustrated in Fig. 4. Other embodiments that are 
applicable are described in European patent application 
EPV^-527 525. 

[0069] The raw Image (22) is filtered by a low pass 
filter (41). and subsampled by a factor of two, which is 
20 implemented by computing the resulting low resolution 
approximation image g^ only at every other pixel posi- 
tion of every alternate row. 

[0070] A detail image Pq at the finest resolution level 
is obtained by interpolating the low resolution approxi- 
25 mation image g^ with doubling of the number of rows 
and columns, and pixelwise subtracting the interpolated 
image from the raw image. 

[0071] The interpolation is effectuated by an interpo- 
lator (42), which inserts a column of zero values every 
30 other cokjmn and a row of zero values every other row 
respectively, and next convolves the extended image 
with a low pass filter. The subtraction is done by an 
adder (43). 

[0072] The same process is repeated on the low res- 
35 olution approximation instead of the raw image, yield- 
ing an approximation of still lower resolution Q2 and a 
detail image b^. 

[0073] A sequence of detail images b|. i'^O.-.L-i and 
a residual low resolution approximation gL are obtained 
40 by iterating the above process L times. 

[0074] The finest detail image Pq has the same size 
as the raw image. 

[0075] The next coarser detail image b^ has only half 
as many rows and columns as the first detail image bQ. 

45 At each step of the iteration the maximal spatial frequen- 
cy of the resulting image is only half that of the previous 
finer detail image, and also the number of columns and 
rows is halved, in accordance with the Nyquist criterion. 
[0076] After the last iteration a residual image g^^ is 

50 left which can be considered to be a very low resolution 
approximation of the raw image. In the extreme case it 
consists of only one pixel which represents the average 
value of the raw image. 

[0077] These detail images and the residual image 
55 are then sent to the work station (11,12) for archival and 
later processing on the one hand and they are subjected 
to on-line processing in processing module (7) of the 
read out apparatus (1) on the other hand. 
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[0078] The method of the present invention is then ap- 
plied to the detail images archived in the workstation. 
[0079] Images to be reproduced on a single hard copy 
material were identified by entering spedftcs on these 
images, for example name of patient, data of examina- 
tion etc. on the workstation. 

[0080] Then, the identified images were retrieved 
from memory. 

[0081] Then, a low resolution image was computed 
by applying a reconstruction algorithm to the retrieved 
residual image and to the retrieved detail images up to 
an intermediate of the multiple resolution levels of the 
detail images, the reconstruction algorithm being such 
that if it were applied to the unmodified detail images 
and the residual Image, then the raw image or a close 
approximation thereof would result. 
[0082] The intermediate resolution level is selected so 
that the retrieved images can all be reproduced on a sin- 
gle hard copy material. 

[0083] One embodiment of such a reconstruction al- 
gorithm is illustrated in figure 5, other embodiments can 
be found in the above mentioned European application 
EP-A-527 525. 

[0084] In the reconstnjction process, the residual im- 
age gi, is first interpolated by means of an interpolator 
(51 ) to twice its original size and the interpolated image 
is then pixelwise added to the detail image of the coars- 
est level b'L.i, using an adder (52). 
[0085] The resulting image is interpolated and added 
to the next finer detail image. If this process is iterated 
L times using the unmodified detail images b(_.i ... b^, 
then an image equal to the raw image will result. If, at 
the other hand the detail images are modified before re- 
construction, then a processed image, for example a 
contrast enhanced image will result. The interpolators 
are identical to those used in the decomposition section. 
[0086] The low resolution image version that will be 
used for the composition of the composed image (or mo- 
saic type image) to be recorded on a single photograph- 
ic film then consists of an image generated during the 
reconstruction process being limited up to some inter- 
mediate resolution level which is lower than the original 
resolution, as explained higher. 
[0087] It is also possible to apply signal processing to 
the pixel values of the retrieved detail images. 
For example, for the purpose of contrast enhancement, 
the pixel values of the detail images can be modified to 
yield pixel values of modified detail images . Preferably 
the modification is perfonned by applying to the pixel 
values of the detail images (or to pixel values of some 
of the detail images ) at least one non-linear monotoni- 
cally increasing odd mapping function with a slope that 
gradually decreases with increasing argument values. 
Figure 3 is a plot of a specific modifying function that 
can be used in a method of the present invention. 
[0088] The above described embodiment including 
modification of the detail images is advantageous in that 
the reconstructed images that are used for composition 



of the composed image have an enhanced image qual- 
ity. 

[0089] Finally, by means of the reconstructed image 
signals a composite image signal is generated and the 

5 composite signal is applied to a laser recorder for repro- 
duction of a composite image comprising a low resolu- 
tion version of each of the identified images. 
[0090] An example of a laser recorder capable of ac- 
cepting image signals in either analogue or digital form 

10 is the laser printer marketed by Agfa-Gevaert N.V. under 
the registered trade marie MATRIX COMPACT L. 
[0091] This laser printer is suitable for recording the 
radiographic images generated by a digital radiographic 
system, or generated by other digital diagnostic tech- 

15 niques such as CT. MR and DSA. 

[0092] Films suitable for being used in such laser 
printers are e.g. the photographic films marketed by Ag- 
fa-Gevaert N.V. under the registered trade merits 
SCOPIX LT, available in the following film formats : 8 x 

20 10 inch. 14 x 11 inch or 14 x 17 inch. 

[0093] Another example of a suitable laser printer is 
the MATRIX LR 3000 printer. 



25 Claims 

1. A method of reproducing radiation images on a re- 
cording material comprising the steps of 

^0 (i)identifying radiation images that are to be re- 

produced, 

(ii) extracting from a digital image representa- 
tion of an image to be reproduced a reduced 
version representing a low resolution version of 

35 that image, characterised in that 

(iii) images are identified in accordance with a 
rule, e.g. patienfs name, day or radiology room, 

(iv) for each of the identified radiation images a 
corresponding digital image representation is 

^0 retrieved from an electronic archive, 

(v) a composite image signal representing a 
composite image is formed comprising for each 
identified radiation image said low resolution 
image version, 

^5 (vi) said composite image signal is applied to a 

hard copy recorder to generate on a single re- 
cording material a composite image comprising 
a low resolution version of each of the identified 
radiation images. 

50 

2. A method according to claim 1 wherein 

(i) a radiation image has been stored in said 
electronic archive in the form of a multi-resolu- 
55 tion image representation obtained by applying 

to the digital image representation of said im- 
age a decomposition process decomposing 
said digital image representation into a se- 
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quence of detail images at multiple successive- 
ly lower resolution levels and a residual image 
at a still lower resolution level, wherein each de- 
tail image represents an amount of local varia- 
tion of pixel values within said radiation image 5 
at the resolution level of the detail image and 
wherein a residual image is an approximation 
of said radiation image with omission of all var- 
iations comprised in said detail images, and 
wherein said decomposition process is such io 
that a reconstruction process exists so that up- 
on application of said reconstruction process to 
the residual image and the detail images said 
digital signal representation of the radiation im- 
age or a close approximation thereof is ob- i5 
tained. and wherein 

(ii) said low resolution version is obtained by 
applying said reconstruction process to detail 
images up to an intermediate of said multiple 
resolution levels. 20 

3. A method according to claim 2 wherein said digital 
signal representation is decomposed into a pyram- 
idal sequence of said detail images at multiple res- 
olution levels and a residual image. 25 

4. A method according to claim 2 wherein said detail 
images are modified before being subjected to said 
reconstruction process. 

30 

5. A method according to claim 4 wherein said modi- 
fication comprises application to at least one of the 
detail images of a monotonically increasing odd 
mapping function with a slope that gradually de- 
creases with increasing argument values. 35 

6. A method according to claim 1 wherein said low res- 
olution representation is obtained by subsampling 
said digital signal representation. 

40 

7. A method according to claim 1 wherein said digital 
image representation is obtained by scanning a 
photostimulable phosphor screen wherein a radia- 
tion image has been stored with stimulating irradi- 
ation, detecting light emitted upon stimulation and 45 
converting the detected light into a digital signal rep- 
resentation. 

8. A method according to claim 1 wherein said radia- 
tion images pertain to examinations of a single pa- 50 
tient. 

9. A method according to claim 1 wherein said record- 
ing material is a photographic material. 

55 



Patentanspruche 

1. Verfahren zum Reproduzieren von Strahlungsbil- 
dem auf einem Aufzeichnungsmaterlal, das die fol- 
genden Schritte umfaflt: 

(i) Identifizieren von Strahlungsbildem, die re- 
produziert werden sollen, 

(ii) Extrahieren einer reduzierten Version aus 
einer digitaten Bilddarstellung eines zu repro- 
duzierenden Bilds. wobei die reduzierte Versi- 
on eine niedrigaufgeloste Version dieses Bilds 
darstellt, dadurch gekennzeichnet, dad 

(iii) Bilder gemaR einer Regel identifiziert wer- 
den, z.B. Patientenname, Tag oder Radiologie- 
raum, 

(iv) fur jedes der identifizierten Strahlungsbilder 
eine entsprechende digitale Bilddarstellung 
aus einem elektronischen Archiv (12) abgeru- 
fen wird, 

(v) ein zusammengesetztes Bildsignat, das ein 
zusammengesetztes Bild darstellt, ausgebildet 
wird, das fur jedes identifizierte Strahlungsbild 
die niedrigaufgeloste Bildversion umfafit, 

(vi) das zusammengesetzte Bildsignal an ein 
Ausdruckau^eichnungsgerat (10) angelegt 
wird, um auf einem einzelnen Aufzeichnungs- 
material ein zusammengesetztes Bild zu er- 
zeugen, das eine niedrigaufgeloste Version je- 
des der identifizierten Strahlungsbilder umfaBt. 

2. Verfahren nach Anspruch 1 . wobei: 

(i) ein Strahlungsbild in dem elektronischen Ar- 
chiv (12) in Form einer Mehrfachauflosungs- 
bilddarstellung gespeichert wird. die erhalten 
wurde, indem auf die digitale Bilddarstellung 
des Bilds ein Zerlegungsprozefl angewendet 
wurde, der die digitale Bilddarstellung in eine 
Folge von Detailbildern bei mehreren, zuneh- 
mend niedrigeren Aufldsungsniveaus und ein 
Restbild bei einem noch niedrigeren Aufld- 
sungsniveau zerlegt, wobei jedes Detailbild ei- 
ne Menge lokaler Schwankungen von Pixel- 
werten in dem Strahlungsbild bei dem Auflo- 
sungsniveau des Detailbilds darstellt und wo- 
bei ein Restbild eine Annaherung des Strah- 
lungsbilds unter Auslassung aller in den Detail- 
bildern enthaltenen Schwankungen ist und wo- 
bei der Zerlegungsprozefl derart ist, dali ein 
Rekonstruktionsprozefl existiert, so daR bei 
seiner Anwendung auf das Restbild und die De- 
tailbitder die digitale Signaldarstellung des 
Strahlungsbilds oder eine gute Annaherung 
daran erhalten wird, 

(ii) die niedrigaufgeloste Version erhalten wird, 
indem der RekonstruktionsprozeH auf Detailbil- 
der bis zu einem Zwischenwert der mehreren 



7 



13 



EP0 741 371 B1 



14 



Aufldsungsniveaus angewendet wird. 

3. Verfahren nach Anspaich 2, wobel die digitale Sig- 
naldarstellung in eine pyramidenformige Folge der 
Detaiibilder bei mehreren Aufldsungsniveaus und ^ 
ein Restbild zerlegt wird. 

4. Verfahren nach Anspruch 2, wobei die Detaiibilder 
modifiziert warden, bevor sie dem Rekonstruktions* 
prozeB unterzogen werden. io 

5. Verfahren nach Anspruch 4, wobei die Modifikation 
umfaBt, auf mindestens eines der Detaiibilder eine 
monoton zunehmende ungerade Abbildungsfunkti- 

on mit einer Neigung anzuwenden. die mit steigen- i5 
den Argumentwerten allmahlich abnimnrit. 

6. Verfahren nach Anspmch 1 , wobei die niedrigauf- 
geldste Darstellung durch Unterabtastung der digi- 
talen Signaldarstellung erhalten wird. 20 

7. Verfahren nach Anspruch 1 , wobei die digitale Bild- 
darstellung erhalten wird, indem ein fotostimulier- 
barer Leuchtstoffschirm, in dem ein Strahlungsbiid 
gespeichert worden ist. mit stimuiterender Bestrah- 25 
lung abgetastet wird, das bei Stimuiierung emittier- 

te Licht erfadt und das erfaUte Licht In eine digitale 
Signaldarstellung umgewandelt wird. 

8. Verfahren nach Anspruch 1 , wobei die Strahlungs- 30 
bilder Untersuchungen eines einzelnen Patienten 
betreffen. 

9. Verfahren nach Anspruch 1, wobei das Aufzelch- 
nungsmaterial ein fotografisches Material ist. 35 



Revendications 

1 . Procede de reproduction sur un materiau d'enregis- <o 
trement d'images obtenues par rayonnement, com- 
prenant les stapes consistant a 

(i) identifier des images obtenues par rayonne- 
ment destinies ^ etre reproduites, 45 

(ii) extraire d'une representation d'image num6- 
rique d'une image a reproduire une version re- 
duite repr^sentant une version d basse resolu- 
tion de cette image, 

caracterise en ce que so 

(iii) les images sont identifiees conformement 
d une regie, par ex. ie nom du patient, le jour 
ou la salie de radioiogie. 

(iv) pour chacune des images obtenues par 
rayonnement identifiees, une representation 55 
d'image num^rique correspondante est r6cu- 
peree d'une archive electronique (12). 

(v) un signal d'image composite representant 



une image composite est forme, comprenant 
pour chaque image obtenue par rayonnement 
identifiee ladite version d'image a basse reso- 
lution, 

(vi) ledit signal d'image composite est applique 
a un enregistreur sur tirage (10) en vue de ge- 
nerer sur un materiau d'enregistrement unique 
une image composite comprenant une version 
a basse resolution de chacune des images ob- 
tenues par rayonnement identifiees. 

2. Procede selon la revendlcation 1 , dans lequel 

(i) une image obtenue par rayonnement a ete 
stockee dans ladite archive electronique (12) 
sous la fomfie d'une representation d'image d 
resolutions multiples, obtenue en appliquant 
sur la representation d'image numerique de la- 
dite image un processus de decomposition de- 
composant ladite representation d'image nu- 
merique en une suite d'images de detail a des 
niveaux de resolution multiples de plus en plus 
bas et en une image residuelle a un niveau de 
resolution encore plus bas, ou chaque image 
de detail represente une quantite de variation 
locale de valeurs de pixel dans ladite image ob- 
tenue par rayonnement au niveau de resolution 
de I'image de detail et oij une image residuelle 
est une approximation de ladite image obtenue 
par rayonnement en omettant toutes les varia- 
tions contenues dans lesdites images de detail, 
et ou ledit processus de decomposition est tel 
qu'il fait intervenir un processus de reconstruc- 
tion qui, lorsqu'il est applique d I'image resi- 
duelle et aux images de detail, permetd'obtenir 
ladite representation de signal numerique de 
I'image obtenue par rayonnement ou une pro- 
Che approximation de celle-ci, et oij 

(ii) ladite version a basse resolution est obte- 
nue en appliquant ledit processus de recons- 
truction aux images de detail jusqu'd un niveau 
intermediaire desdits niveaux de resolution 
multiples. 

3. Precede selon la revendlcation 2, dans lequel ladite 
representation de signal numerique est decompo- 
see en une suite pyramidale desdites images de de- 
tail e des niveaux de resolution multiples et en une 
image residuelle. 

4. Precede selon la revendlcation 2, dans lequel les- 
dites images de detail sont modifiees avant d'etre 
soumises audit processus de reconstruction. 

5. Procede selon la revendlcation 4, dans lequel ladite 
modification comprend I'application e I'une au 
moins des images de detail d'une fonction de cor- 
respondence impaire d croissance monotone dont 
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la pente diminue progressivement avec des valeurs 
d'argument croissantes. 

6. Precede selon (a revendication 1 , dans lequel ladite 
representation a basse resolution est obtenue par 5 
sous-^chantillonnage de ladite representation de 
signal numerique. 

7. Proc^d^ selon la revendication 1 , dans tequel ladite 
representation d'image numerique est obtenue par io 
balayage d'un ecran d luminophore photostimula- 

ble dans lequel une image obtenue par rayonne- 
ment a ete stock6e ^ I'aide d'un rayonnement sti- 
mulant, par detection de la lumiere emise iors de ia 
stimulation et par conversion de la lumiere d^tect^e 
en une representation de signal numerique. 

8. Precede selon ia revendication 1 , dans lequel les- 
dites images obtenues par rayonnement se referent 
aux examens d'un meme patient. 20 

9. Precede selon la revendication 1 , dans lequel ledit 
materiau d'enregistrement est un materiau photo- 
graphique. 

25 
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